We present first results on the Ca isotopic abundances derived from the high resolution Mass Time-of-Flight (MTOF) spectrometer of the charge, element, and isotope analysis system (CELIAS) experiment on board the Solar and Heliospheric Observatory (SOHO). We obtain isotopic ratios 40 Ca/ 42 Ca = (128 ± 47) and 40 Ca/ 44 Ca = (50 ± 8), consistent with terrestrial values. This is the first in situ determination of the solar wind calcium isotopic composition and is important for studies of stellar modeling and solar system formation since the present-day solar Ca isotopic abundances are unchanged from their original isotopic composition in the solar nebula.
Introduction
The main motivation to study solar wind composition is to obtain information on the isotopic composition of elements in the Sun. This is important because the Sun constitutes 99.9% of solar system matter, and for most elements the solar composition could provide the most reliable information on the composition of the primordial solar nebula. Because nowhere in the Sun have temperatures ever been high enough to alter isotopic abundances of heavy elements by nuclear reactions, solar Ca is thought to reflect the original isotopic composition in the solar nebula. Yet, most of what is known of solar isotopic abundances is inferred from terrestrial and from meteoritic abundances with a few exceptions: recently, the isotopic composition of solar wind magnesium, the first analysis of the isotopic abundances of a refractive element in solar matter measured in situ with the spacecraft borne mass spectrometer WIND/MASS, has been reported . The solar isotopic composition of the volatile noble gases helium and neon have been determined in situ with the Apollo foil experiments (Geiss et al., 1972) . In situ measurements with CELIAS/MTOF (Kallenbach et al., 1997) on board SOHO have confirmed that the solar neon isotopic composition differs significantly from the terrestrial and meteoritic abundances. Isotopic abundances also have been determined for several elements (C, N, O, He, Ne, Mg) in the higher energy (above 10 MeV/amu) solar energetic particles (Leske et al., 1996 , Mason et al., 1994 , Mewaldt et al., 1984 , Selesnick et al., 1993 . From similar measurements it has been possible to obtain reliable information on coronal elemental abundances including the abundance of calcium (Breneman and Stone 1985) . However, the isotopic composition of solar energetic particles (SEP) may not be representative of the solar composition because fractionation processes occur during the particle acceleration and transport and these processes may vary from event to event. The far more fluent solar wind is the most authentic sample of the solar source composition. From recent theoretical models (e.g. Bodmer and Bochsler 1996) it is expected that the isotopic fractionation in the solar -4 -wind flow due to differences in Coulomb drag depletes the heavier isotopes by at most a few percent. Therefore measurements of the solar wind isotopic abundances of the heavy element calcium together with previous measurements of magnesium abundances provide additional evidence that the solar isotopic composition of refractive elements agrees with terrestrial and meteoritic values.
Instrumentation
EDITOR: PLACE FIGURE 1 HERE.
The MTOF sensor (Figure 1 ) of CELIAS (Charge, Element, and Isotope Analysis System) on board the SOHO (Solar and Heliospheric Observatory) spacecraft is an isochronous time-of-flight mass spectrometer with a resolution M/∆M of better than 100. This provides the possibility of resolving the different isotopes of almost all solar wind elements in the range from 3 to 60 atomic mass units (amu). The instrument detects ions at solar wind bulk velocities of 300 to 1000 km/s, corresponding to energies of about 0.3 to 3 keV/amu. Details on the principle of operation, the calibration of the instrument functions, and the format of the data transferred by the telemetry can be found in the initial publication on CELIAS/MTOF isotope abundance measurements of solar wind neon (Kallenbach et al., 1997) . Here we only briefly describe the instrument characteristics which are necessary to understand the quantitative evaluation of time-of-flight (TOF) spectra.
Highly charged solar wind ions enter the instrument (Figure 1 ) through the WAVE (Wide Angle Variable Energy) entrance system that has an energy-per-charge (E/q) acceptance bandwidth of about half a decade, and a conic field of view of ±25 o width . All calcium isotopes have approximately the same bulk velocity, the same charge state, and the same width of the drifting maxwellian velocity distribution -5 -so that the heavier isotopes have a higher center E/q. The strongest instrumental fractionation occurs when the center E/q of either isotope coincides with one of the edges of the E/q-acceptance of the WAVE. The acceptance function including the ion optical effects of the postacceleration voltage to the time-of-flight section has been well analyzed in the calibration system for mass spectrometers (Steinacher et al., 1995 , Kallenbach et al., 1997 of the University of Bern (UoB). Therefore the flight data can reliably be filtered with respect to the ion optical instrument discrimination for any element or isotope detected in the solar wind. A much weaker instrumental fractionation is due to the element specific detection efficiencies of the VMASS subsystem which is a V-shaped isochronous time-of-flight spectrometer . The ratio of the Double Coincidence
Rate over the Front Secondary Electron Detection Assembly Rate has been measured as a function of ion energy per mass with a 40 Ca 4+ beam of the MEFISTO laboratory at UoB (Marti 1997) . The model functions reproduce the calibration data very well so that they can be applied to derive the differences in the detection efficiencies of the isotopes 40,42,44 Ca ( Figure 2 ). With very good confidence the uncertainty of these detection efficiencies can be assumed to be lower than the statistical error evaluated (see Table 1 ).
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Data Analysis
EDITOR: PLACE FIGURE 3 HERE. Figure 3 shows a spectrum where all pulse height analysis words of the full year 1996 have been collected in the mass range 39 to 45 amu. TOF channel contents have been put into bins six channels wide and the uncertainties of the data points have been estimated by the -6 -linear-optimization algorithm of Rauch-Tung-Striebel (Gelb et al., 1974) where the filter width corresponds to half the TOF resolution of the instrument; this filter introduces a minor reduction of the peak resolution of 12%. This algorithm has been applied to improve the signal-to-noise ratio by a factor of four so that generally much higher E/q inside the VMASS than singly charged neon so that calcium follows a longer trajectory in the field free region above the ion stop microchannel plate (IMCP) detector . Longer trajectories in the field-free region correspond to longer times of flight. This leads to the tails of higher channels in the TOF distribution of all the mass peaks in Figure 3 . (Russell et al., 1977) . More precise values can be obtained once a time series during the year 1996 of the calcium charge states in the solar wind at the SOHO location is available.
Discussion
From astrophysical and geochemical considerations it can be concluded that the isotopic composition of photospheric Ca must be within small fractions of per mills identical to the terrestrial composition. The similarity of the solar wind results with the terrestrial values suggests the preliminary conclusion that isotopic fractionation within the solar wind plays a minor role. This is supported by the model calculations of Bodmer and Bochsler 1996 that -9 - consider differences in the Coulomb drag for isotopes of various elements. Fractionation effects not larger than a few percent are expected for Ne and Mg. For the heavy element Ca even weaker isotopic fractionation has to be expected. Although there are as yet no detailed evaluations of a more extensive time series with calcium isotopic ratios to be determined in different solar wind regimes, we suggest that the Ca abundance discussed in this work is within a few percent of the true solar composition. Table 2 shows a comparison between the terrestrial, solar and presolar grain calcium isotopic composition. There is no evidence for large variations in these isotopic compositions except for the case of the presolar X-grains that originate from supernovae explosions (Hoppe et al., 1996 , Nittler et al., 1996 . The large enrichment in 44 Ca in the X-grains is a consequence of the radioactive decay of 44 Ti in supernovae material.
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